Abstract Pure aluminum Nano composite reinforced with Nano titanium dioxide was produced by powder metallurgy route. Measurements of tensile strength, hardness, and density showed that the porosity and the tensile strength of composites increased with an increase in volume fraction of nanoparticles; however ductility of aluminum was decreased. Wear test revealed that composites offer superior wear resistance compared to alloy. 
Introduction
Today aluminum based composite reinforced with ceramic particles is on huge demand, due to its superior mechanical characteristics,for example; specific stiffness, wear resistance, high modulus and fatigue. These metal matrix composites have been considered as excellent candidates, applied as structural materials to the automobile industry and aerospace (Bathula et al., 2012; Hafizpour et al., 2010) . There are different manufacturing techniques for reinforcing alloy such as spray decomposition, liquid metal infiltration, powder metallurgy, squeeze casting, mechanical alloying and compocasting (Gibson, 2010; Hull and Clyne, 1996; Leif et al., 2002) . Powder Metallurgy (PM) is a highly-developed technique for manufacturing composites; this technology consists of three steps; mixing powder elements, compacting those powder elements in a die at room temperature and then heating in a controlled atmosphere furnace to create a bond between the powder elements (Totten, 2006) .
Tribological property of matrix alloy is an essential factor. Many researchers noticed that increasing the amount of the ceramic particle enhances the tribological properties of the matrix alloy (Amal Nassar, 2013; Bisson, 1986; Miyajima and Iwai, 2003; Wang and Rack, 1991) .
The wear resistance of the composite was found to be much higher than that of the matrix alloy. It expands with expanding the molecule content as the hard particulates resist the wear action of abrasion and give protection to the surface, meaning that; when the content increases, the wear resistance will be enhanced.
Many researchers were working on the mechanical properties and dry sliding wear behaviors of aluminum metal composites reinforced with various particulates such as SiC, Al 2 O 3 , silica sand, boron, TiC, MgO and Si 3 N 4 (Sannino and Rack, 1995) . They observed that the reinforcement material improved the metal yield strength and the ultimate tensile strength. However, AMCs ductility declines significantly with higher concentration of ceramic particles. To prevent this reduction in composites ductility, it can be produced as light weight components cast formed from metal matrix nanocomposites with a uniform distribution of reinforcement (Mazahery and Ostadshabani, 2011; Groza, 1999; Habibnejad-Korayem et al., 2009; Kwok and Lim, 1999; Akio et al., 1999; Riveiro et al., 2012; Das et al., 2001) . The objective of this work is to produce Al-TiO 2 Nano composites with various amounts of titanium oxide, using powder metallurgy technique. The obtained composites were examined for structural, wear and mechanical properties.
Experimental work
Al-TiO 2 composites were prepared by powder metallurgy technique, pure aluminum powders with diameter of 15 lm were used as a matrix. Titanium dioxide (TiO 2 ) particles were used as reinforcement, with an average diameter of 50 nm. Pure aluminum powders were mixed with the ceramic particles to prepare composites with about (0.5, 1.5, 2.5, 3.5 and 4.5) vol.% reinforcement, mixing was done by ball milling. Composites were fabricated by powder metallurgy route. The powder mixtures were compressed at room temperature for 6 min under a pressure of 10 4 N/cm 2 with a ram (H13 tool steel). Resultant compacts were sintered at 450°C under argon gas. Microstructures of the composites were studied using scanning electron microscope (SEM). SEM investigations were performed by microscope (model JEM-2100). Composite porosity was measured by using water displacement method. Samples were weighted in air, then in water. The porosity was calculated by Archimedes' Law.
where: V C : volume of the composite sample; W A : the weight of the sample in air; W L : the weight of the sample in liquid; q w : the density of liquid.
The actual composite density q c can be calculated by:
and the theoretical density could be calculated by:
where W fm and W fp are weight fractions of the matrix and the particles respectively; q m and q p the density of the matrix and the particles respectively. The porosity can be estimated using the following formula:
Tensile tests were used for estimating both nature and mechanical properties of the composites. Five tensile samples of 60 mm length and 5 mm width were used to calculate the ultimate tensile and the yield strengths of the sample. For investigating the tensile properties (strength and modulus) of the composite samples Lloyds testing machine was used.
All tensile specimens were machined according to ASTM.B 557 standards for composite samples. To study the hardness, the Brinell hardness values of the samples were measured on the polished samples. The sliding wear tests were conducted in pin on disc wear testing apparatus under various loads at room temperature .The design of the pin on disc apparatus was described in a previous work (Amal Nassar, 2011) . In the test, the flat end of cylindrical samples (8 mm in diameter and 12 mm length) was fixed in chuck jaws to prevent the rotation of samples during the test. Rotating speed of the disc was 0.14 m/s. 
Results and discussion
The X-ray diffraction pattern and SEM image of the TiO 2 nanoparticles and aluminum powders are shown in Fig. 1 . The figure shows the absence of spurious diffraction, which indicates the crystallographic purity (Varshney et al., 2010) . Fig. 2 shows the micro hardness of Al matrix reinforced with different amounts of TiO 2 nanoparticles. It can be seen that the hardness of Al-TiO 2 increases with an increase in the amount of TiO 2 nanoparticles, maximum hardness was 82 BHN and it resulted from the sample containing 4.5 vol. % of TiO 2 nanoparticles. This may be due to nanoparticles, which hindered the movement of matrix dislocation in the composite leading to increased strength and hardness. Fig. 3 shows the effect of TiO 2 particles on the wear rate of Nano composite. It has been found that the wear resistance of the Al matrix is lower than that of the composites. This can be related to the fact that the hard ceramic material protects the surface from the severe contact (Bindumadhavan et al., 2001; Hossein-Zadeh et al., 2013; Ihueze et al., 2015; Lim et al., 1999; Chung and Hwang, 1994) . Results show that the wear rate decreases as the percentage of the nano TiO 2 particles decreases from 0.5% to 4.5%. For example, the weight loss decreased from 1.7 mg to 0.6 mg when the nano TiO 2 particles decreased from 0.5% to 4.5%. On the other hand the wear rate of all the investigated samples increased by increasing the applied load. Severe wear Conditions can be seen through the rate of the weight loss. The recognized wear behavior is consistent with the pattern presented by Wilson and Alpas (1997) . They propose that the wear rate increases bit by bit with connected load in the gentle wear area. Then again, at a 'discriminating load' that relies on a sliding speed, the wear rate suddenly increases reflecting the condition termed ''serious" wear.
Micron sized particles are normally used to improve the metal tensile properties. However, the ductility of the composite declines significantly with an increase in concentration of the ceramic particles (Cooke and Werner, 1991; Reddy, 2003) . The stress-strain behavior of all samples has been tested. Composite microstructures are shown in Fig. 4 . The figure shows that the ductility decreases with further increase in reinforcement volume fraction. This could be due to the weak bonding between the matrix and the nanoparticles. It is apparent that there are two factors influencing the tensile strength of the composite: Figure 5 Variations of the porosity to the vol.% Nano TiO 2 content.
Properties of Aluminum matrix Nano composites
(1) The reinforcing particles increasing the strength of the material by simple load transfer, which depends on the bond integrity at the particle/matrix interface and dislocation motion. (2) The inhibition of plastic relaxation at the particle/matrix interface (Cooke and Werner, 1991) .
The tensile test results show that the addition of nano TiO 2 particles to Al matrix composites increases the tensile strength of the alloy at room temperature along with an increase in the TiO 2 particles' volume fraction from 0.5 to 4.5 vol.%. The measured maximum and minimum tensile strength of the composite samples were 250 and 198 MPa respectively. Great enhancement in tensile strength was observed due to the low degree of porosity and the good distribution of Nano ceramic particulates. The low degree of porosity results from using powder metallurgy route, which leads to uniform distribution of TiO 2 particles and lower air gaps between grains. The strong multi-directional grain refinement and thermal stress in the aluminum/TiO 2 interface are also important factors; they play a great role in improving the strength of the composites. The grain refined strengthening effect of the TiO 2 particles, this is due to they act as the heterogeneous nucleation catalyst for the matrix which is improved with the increases in volume fraction (Mazahery and Shabani, 2013) . According to the experimental results, a significant enhancement in strength is noted initially when the Nano particulate is added; however, the further increase in the amount of TiO 2 nanoparticles leads to a reduction in strength values. The weakening factors of the mechanical properties might be the reason for this including the porosity (Fig. 5 ) and the particle clusters (see Fig. 6 ).
Conclusion
(1) The powder metallurgy technique can be used to produce pure aluminum Nano composite in which the nano TiO 2 particles are uniformly distributed within the matrix alloy with a low degree of porosity. (2) Nano particles addition results in a significant improvement in, ultimate tensile and yield strength of composites. (3) Hard Nano particles protect the surface, so the wear resistance is enhanced. It was found that the addition of nanoparticles to the matrix alloy increases the hardness; as the nano TiO 2 particles act as obstacles for the dislocation motion.
(a) (b) (c) (d) (e) Figure 6 Composites microstructure (800Â) (a) 0.5% vol. nano TiO 2 , (b) 1.5% vol. nano TiO 2 , (c) 2.5% vol. nano TiO 2 , (d) 3.5% vol. nano TiO 2 and (e) 4.5% vol. nano TiO 2 .
